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Introduction

Exertional heat stress causes a spectrum of illnesses, ranging from mild heat exhaustion to life- EHS (N = 39) vs EHI (N = 16) vs EHS (N = 39) vs

threatening heat stroke. While epigenetic mechanisms, such as DNA methylation, are thought to EHE(N = 32) EHE (N = 32) EHI (N = 16)

iInfluence heat acclimation and recovery, the molecular changes that define the severity and . | | T1 T2 T3

progression of heat illness remain poorly understood. This study aimed to characterize and compare - 'EE" .=.E.-=E=EEEEEEE =E:E§§§E#'

the longitudinal dynamics of DNA methylation in peripheral blood across the clinical spectrum of Exertional = m= ﬁi;i E==!==§ii=_5§=i =_§.;-%iiii§_'=.§!!
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A cohort of 87 individuals diagnosed with heat exhaustion (n=32), heat injury (n=16), or heat stroke 4 e N RS .=

(n=39) was studied. Whole-blood DNA methylation profiles were assessed at the time of diagnosis T_l______ T_2 T3_

and across four subsequent time points representing acute, sub-acute, and later recovery phases. 2 ﬁ.ﬁiﬁ?‘.ﬁ i_- ;-';-i'- EE:'-"-

Differential methylation analysis, time-course clustering, and pathway enrichment were used to g Excriional i' ';'fé';ggi Cme Bg oo IE:

identify epigenetic changes and their associated biological pathways. Heat Injury e ===:;E.'H.'- !'.':_ =5
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At diagnosis, heat stroke and heat injury exhibited thousands of differentially methylated probes T T,I- T _.-;-2“ - TS—"

compared to heat exhaustion, with most changes being unique to each condition. Longitudinal zusum == mEm SusuEEEsEEEmEEs = EEEEEEEEEEEE=E i
analysis revealed that methylation profiles in heat exhaustion normalized rapidly, indicating a quick g " Ben °® N5, , LOESEEEEEEEEESE = EEsEEEEmEmEEEEE |
recovery. In contrast, heat injury showed transient activation of pathways related to neuronal Exertional Heat 'ﬁ:"='=='_l E:":=-.ﬁ5' " a2 EEEEEEEEEEEEEE EEEEEEEEEEEEEEE 0.0
protection, stress regulation, and adaptive immunity, followed by sustained suppression of synaptic 01 Exhaustion Hﬂ!:_ E%l_ _=R= EEEEmmEREmEmEEN =~ mmmmmmmmmsssE=E P
and T-cell signaling pathways, suggesting a resource-conserving recovery state. Heat stroke was ———————— — — ———————— — — ———————— — — ol = B, P
characterized by delayed and persistent activation of maladaptive pathways, including Beta difference Beta difference Beta difference

inflammasome activation, proteotoxic stress, and oxidative strain, reflecting a progression toward
systemic immune and cellular dysfunction. . . gn
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Heat illness severity is associated with distinct and persistent epigenetic trajectories in peripheral

blood. While heat injury is marked by adaptive methylation programs that promote recovery, heat Overlapplng mEthYIatEd Exertional Heat Stroke Exertional Heat Injury

stroke triggers pathological signatures of systemic inflammation and cellular stress. These findings

provide a molecular framework for understanding heat illness progression, identify potential Transient Upregulation (n=200) Delayed Downregulation (n=790) Transient Upregulation (n=554) Delayed Downregulation (n=739)
biomarkers for predicting clinical outcomes, and highlight therapeutic targets to mitigate long-term rnernhershup membershlp membership membershlp
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Data Analysis: DNA methylation data was analyzed for differential analysis -~
adjusted for age, sex, race, and blood cell-type composition. TO |earn more, VISIt:
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